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TIROS: THE SYSTE! AND ITS EVOLUTION -

INTRODUCTION

TIROS is the name given to the meteorological.satellite progran of the
National Aeronautics and Space Administration (NASA), TIROS I is the
first U. S. satellite to carry a television camera on board. The in-
itials stahd'for Television (and) Infra-Red Observation Satellite, since
both types of sensors aré'employed. The objective of this satellite
program is to give the meteorologist a pictorial view of the weather
from a vantage point well above the weather. '

The basic system consists of (1) the satellite with sensors, recorders,
transmitters, receivers, atti@ude indicator, solar cell power supply,

and control cireuitry; and (2) the primary command and data acquisition
stations. The supporting elements of the system are the tracking network
(for orbit determination as contrasted to data acquisition), the data
analysis center, the control center, the communications network to tie

these elements into a coherent operational system, and the pre-launch

check-out‘facilities.

It is the intent of this paper to give an indication, from a*management

‘point bf view, of some of the problems and factors which vitally affect

the course of a development program -- particularly a highly~-complicated
program such as a satellite system. Siunce a satellite system is such a
complex mechanism, a sufficient amount of design and operational infor-
mation is given so that the workings of the TIROS system and its main
elements éan be well understood. h
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EVOLUTION AND HISTORY OF THE 7T/ROS PFOJECT

A brief history of the TIROS Project is included primarily to help place
in proper perspective the desimn considerations and changes which took
place in the satellite configurations. This history was shaped by a
series of monsgement decisions based on timing, equipment priorities,

ecgonorics, and assignment of organizational responsibilities.

TIRCS evoived from a rslatively modest gstart in life as a first try at
the probiem of viewing the earth's surface by means of a TV camera in-
stalled in a sateliite. It had its roots in a2 study conducted by the
'Radio Corporaticn of America Tor the Rand Corporation under an Air Force
contract initiated in 1961. The obje-tive at this stage was to evaluate
the general reconnaissance potential of a TV satellite. The results of
the study were generally quite favorahle, and several projects evolved

leading toward the development of flight-type equipment.

As a result of an unszolicited proposai, the Aramy Ballistic Missile
Agency {ABMA) in 1956 awarded a contract %o RCA to reduce to practice an
early feasibility television satellite, using the Army's Jupiter C mis-
sile system with a Redstone bcoster. This missile system later placed
into orbit Explorer I, the Unifed States’ first artificial earth satel-
lite. The program wes later erpanded, upon decision of the Department
of Defense and the Army Ballislic Missile Division,and redirected toward
a more specifie nissicn -- that of *:rzet acquisition and location,
A contract apain w.o cuoaod vy HCA coveriaz the Lo tial phases of a
prosram which anclulec chg desipin and constructicr of o satellite to be
isv-obad by oz Juno 1T izsile system awing the Avay s Jupiter IRBM bal-
somiscile as the cooster. dncluded in the contrzct was the re-
o.ooomzment for a complews systen casign of the sateilite structure, power
5.4PCasy Stabilization, anvironmentai'control, orbital dynamies, and
electronic instruments ion, In addition, the contract requireg develop-

ment of the associated ground systems equipment necessary for the proper




operation of the satellite system. Responsibility for the vehicle system
remained with ABMA; responsikility for the psyload and ground complex
was subsequently assigned to the Signal Corps.

In mid-1958, it was determired that this project came within the purview

of the Advanced Research Projects Agency (ARPA). This agency, after
reviewing the existing program, decided that it was well sulted to meet

a very high priority and urgent requirement for a meteorological satellite
and as a result work on tie television satellite was directed toward the
development of a meteorological system. An Ad Hoc Committee on Meteorology
was created by ARPA to help formulate the design objectives for a satellite
program with particular emphasis on the initial payload which was to be of
an exploratory nature. This committee included representation from ARPA,
ABMA, Office of Naval Research, National Advisory Committee for Aeronautics,
Air Force Cambridge Research Center, U. S. Weather Bureau, University of
Wisconsin, Rand Corporation, U. S. Army Signal Research and Development
Laboratory, amd the Astro-Electronic Products Division of RCA. The
Committee recommended the inclusion of a number of design objectives
(described later in this paper) which in addition to TV cloud-cover obser=
vation using high, medium, and low resolution cameras, proposed a series
of measurements in the infra=red and in the ultra=violet and x-ray regions.
It was possible to include most of these in the specifications for TIROS.

At about this time, further work on thi Juno II missile program was dis-
continued and the availablé vehicles were reassigned to the Explorer series
for satellite cosmic ray exploration. As a result of this decision and

of others related to the over-all problems of missile advancement; the
Juno IV program was conceived and initiated by ABMA. This program con=
sisted of the Jupiter booster plus new liquid-fuel upper stages. The
physical design characteristics of size, form factor, and weight of the
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TIROS gatellite were based on the Juno IV system. However, as a result

of a rgalip.nmenﬁ of the national spsce program, it was necessary to shift

. the TIROS Project from the Jupiter to the Thor, and with this, the respon-

sibil.{i;y for the vehicle system was transferred from ABTA to the Adr Force

Ballistic Missile Division and its subcontractorss Space Technology Labs

-and the Douglas Alrcraft Corporation,

In April 1959",, ‘as a result of the apportioning of project responsibilities
between ARPA and the newly-formed civilian space administration, the TIROS
project was transferred (from ARpA) to the National Aeronautics and Space
Administration (NASA). In its role as overall system manager, NASA is
coordinating the efforts of the Ballist;lc Missile Division of the Air
Force, a'd those of the Signal Corps with the NASA Goddard Space Flight
Center, the Minitrack network, the NASA Computing Center and the U, S.

"leather Bureau Meteorological Satellite Center.

DESIGN OF T+E TIROS SYSTEM

The TIROS system evolved as a rem_xlt of a ;serie's of management decislions

and their historical results. The earlieét feasibility television satellite
(Project Janus) weight of 20 pounds was specified by the capability of

the Jupiter C missile system. The payload consisted of a television

camera (using & &-inch vidicon) with a frame rate of 1 per second,

powered from chemical batﬁeries. The - sldw-speed scan rote produced a
video bandwidth of 125 ke which could be transmitted through the standard

existing telemetry band at 240 mc. The recéiving stations were those

. that existed "down ranée" at Cape Canaveral for receiving missile test

data. A dove prism optically immobilized the image within the 750 rpm

spinning freme. I



Stabilization of the optical axis in space was accomplished by using the
spin momentum generated during the launch phase. The Jupiter C satellite
was required to be a rod-shaped body with a diameter of approximately

5 inches. In a spinning, picture-taking saiellite, it is cxtremely in-
portant for successful operation that the optical axis remain parallel to
the spin axis. Such alignment is difficult to maintain when it is neces-
sary to point the optical axis along the longitudinal axis of a rod-shaped
body. A disc-shaped body has its maximum moment of inertia around the
figure axis, and will spln stably around that axis. However, a rod-shaped
body orefers to spin about a stable axis which is perpendicular fo the
{longitudinal) figure axis of the rod, since that is the line around which
the mass of the body has its maximum moment of inertia.

During iaunch, the Jupiter C satellite received a spin rate of 750 rpm
around its longitudinal axis for stabilization. Due to unbalance impulses

(which are impossible to avoid) the vehicle precesses. This oscillation

builds up if there is any energy dissipated (such as heat due to mechanical

bending) in phase with the precession oscillation. The system finally
erds up spinning about its axis of maximum moment of ineritia, and appears
1o be tumbling. This was recognized by RCA early in the Janus pregram
and was later proven by Explorer I, which actually did tumble due to thaz
whipping of the crossed dipole antennas which were used for the 108 me
beacon. To counteract this problem, an “uctive" damping system was in-
vented (shown in Figure 1) to produce mechanical friction out of phase
with the precession oscillaticn., This required that there be a net power
gain by the system derived, in this case, from the chemical batteries.
With such a device the systenm would spin true about its longitudinal {rod)
axis, - h

The laboratory model of the 20 pound system (shown in Figure 2) was demon-
strated immediately after Sputnik I, and was scheduled for launch in the

Spring of 1958,




The expansion of the program in early spring of 1958 changed the design

of the TV satellite in order to meet the requirements of a reconnaissance
mission and a different missile gystem: Janus II. A new optical system
(shown in Figure Zk;éls required to meet the specifications for increased
picture resolutioneh Perkin-Elmer Corporation, under subcontract to RCA,
designed a cassegranian-type optical system with an 8" aperture and an

8" focal length. A dove prism for image irmobilization could no longer

be used; the spinning satellite had to be slowed down from an initial

450 rpm speed to as slow a speed as would still maintain enough angular
momentum for stabilization -- about 7 rpm. Although an increase in weight
o 85 pounds was possible in the new system; it was still impossible, due
to limitation of form factor, to achieve a ratio of moments of inertia
which would provide a disc-shaped system. A design was conceived, however,
which would solve both problems of speed slow-down and conversion from

rod to disc characteristics while the satellite was in orbit. Weights at
the ends of four wires would be slowly paid out to a distance of six feet.
In the process of increasing the moment of inertia this would -~ in a
momentum conservation system -- slow down the angular speed. By keeping
the extended weights and wires, now under tension from centrifugal force,
as part of the overall mechanical system, the total satellite system would
effectively be converted from a vod to a disc shaped body. The dissipation
of energy released from the flexing ¢f the wires due to any precession
would cause the oscillation to damp out, as in a stable disc shaped system,
keeping the figure axis, spin axis, and optical axis properly aligned.

This system was demonstrated on a tester built at RCA and shown in Figure 4.

Development of a light-weight, rugged, low power drain magnetic tape re-
corder was initiated in order to store pictures taken at remote locations
in the orbit. Video bandwidth of 125 k¢ compatible with the vidicon scan
rate was provided., Nickel cadmium storage batteries with a solar-cell
(charging) power supply were substituted for the limited-life chemical
batteries. A picture of a full-size model of this satellite is shown in
Figure 5.



The initiation of the new Juno IV missile system replaced the Juno II

for the TV Reconnaissance Satellite. Now, a third stage that would ac-
commodate a disc-shaped satellite was available. A housing 42 inches in
diameter and 17 inches in height was designed. Since
the uoper stage was liquid and equippéd with guidance control, no spin
was needed for Stabilization during the launch phase. Consequently, the
satellite could be placed into orbit at the spin rate needed for orbital
attitude stabilization, consistent with picture taking requirements
(i.e., 7 rom). The despin weights and wires were thereby eliminated, re-
sulting in a much simpler system. Reliability was served by the new
simplicity and the redundancy now possible due to the increased orbital
lifting weight capability of the Juno IV,

As previously mentioned, in mid-1958 it was determined that the Project
came within the purview of the Advanced Research Projects Agency (ARPA).
At the same time the mission requirement was directed toward meteorology
and away from reconnaissance. The rew requirement permitted a drastic
change in optics. Rather simple off-the~shelf refractive optical systems
were found adequate to fulfill the much coarser resolution specification
for cloud observation. The heavier and more complicated cassagranian
optics was ahandoned. Three complete and independent TV camera and mag-
netic recording systems were to be provided for three steps of resolution
‘and coverage. A two-second frame was selected for picture readout, re-

ducing the video bandwidth requirements to 62.5 kec.

A "scanning"” infra-red observation sycten covering five selected bands

in the I-R spectrum was added. This -subsystem was assigired to U. S. Army
Signal Corps (later transferred to NASA) for development, and was to be
installed in the satellite by RCA. The introduction of this new system
required that ap increase in spin speed (to 12 rpm) be provided and main-
tained during orbit. Since the I-R sensor system tied to the spinning
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vehicle provided for a spot scan of the earth, a specific scanning speed
w~s necessary to assure overlspping lines as well as full utilization of
the resolution capability of the system. It wrs realized thot without
gome on-board power for control of spin speed, the magnetic field would
slow down the satellite in a reletively short period of time rendering
the I-R scanning useless. A number of small "spin-up” rockets, whose
firing was controlled from the ground, were equi~spaced around the peri=-
phery of the satellite to compcnsate for spin slowdown. In order to
power the increase in pgyload, additional solar cells wers required;

finally reaching a total of 10,070 individual silicon 1 x 2 cm cells.

At this point in its genealogy, thie TIROS satellite was very close to

its final system design. The shift from the Jupiter-Juno 17 missile
system to the Thor involved the transfer of missile system responsibility
to the Ballistic Missile Division of the Air Force. A former problenm
was again introduced: the final stage of the missile system used solid
fuel, and was spin-stabilized (at 120 rpm). Therefore, it would be
necessary to slow down the spin rote of the satellite in orbit from 129
rpm to 12 rpm. Once agrin, the weight and cable despin svstem was con=-
sidered. ‘jovever, this time, the complication of maintsiving the extended
weights as prrt of the satellite system was found not to be necessary,
since no conversion of the ratio of moments of inertis from rod to disc
was required. A simpler system was installed; in which weights and cables
wrapped around the satellite are allowed to fly out under the influence of
centrifugal force at the initial angulsr velocitj, and then are releassed
to continue into space, cerrying with them sufficient momentum to slow
down the spin rate to 12 rpm,.

|
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tre o Mooal a0 An sanagonent responsibility from ARPA to NASA in April of
1959 did not entail any major redesign in the TIROS system. The policy
rather was to endeavor to assura that no further changes ar additions be
made in the TIROS satellite. The final form of the satellits structure
(and antennas) is shown in Fijgure 6. The component layout in the imterior
is shown in Figwre 6A.

The above discussion has attempted to point out the very strong influencs
of management decisions on-the design configuration of the TIR0OS satellite.

.It shauld not go unnoticed that, as changes were necessitated in the satellite,

complementary and equally important changes had to be made in the ground
equipment, Howewer, these are not covered in the present paper.

DESCRIPTION OF THE TIROS I SATELLITE

The main elements of interest of the TIROS I satellite are the television
and infrared sensor subsystems, the ground station command and control
system, the data acquisition system and the prelaunch check-out system.

In the telsvision subsystem, two cameras are employed. One, equipped with

a wide angle lens, will provide coarse, large-area coverage; -the other,
equipped with a longer focal=length lens, will provide relatively fine infor—
mation on cloud structure. The cameras are miniaturized units, designed
around a ruggedized 1/2-inch vidicon picture tubs. The "sticky" (high=
persistence) characteristics of ihe vidicon makes it possible to achieve
appreciable bandwidth compression by using a low read-out rate. Exposure

is set for approximately two milliseconds and readout has been extended to
approximately two seconds. Although several modes of operation are possible,
the principle mode will be one in which a series of "coarse® pictures which
overlap approximately 50 percent are taken simultaneously with a series of
high-resolution pictwres, one of which falls in the center of each coarse
picture.



The area on the surface of the earth which can be observed by the cameras
is limited mainly by two factors: presence of sunlight and orientation of
the satellite. Since the satellite is spin stabilized (that is, the spin
axis is fixed in inertial space) the surface bearing %he cameras faces

the earth for only part of each orbit. At the point where ;roper camera
orientation and adequate sunlight coincide, a series of exposures is made.
Each picture taken by the cameras is read out and steored on magnetic tape,
and then subsequently is read out when the satellite passes over a primary
ground-data station. At those times when the orientation and sunlight
coincide and the satellite is within range of one of the ground stations,
it is possible to read out the cameras in ®real time": that is, to bypass

. the tape recorders and transmit the picture information directly. If the

satellite is passing overhead, the ground station is photographing itself!

With the importance of reliability constantly in mind, it was decidec to
make the two camera systems completely independent of each other, except
for the synchronization of exposures previocusly mentioned. EXach camera
feeds into its own recorder, recorder electronics, and piciure transmitter.
To carry this philosophy through to its logical conclusion, independent,
function-control "clock" assemblies and command receivers were provided
in the satellite as well.

The design of the system provides for two types of infrared observation.
One of these, identified as the Scanning I-R subsystem, is an expanded
version of the Vanguard Cloud Cover experiment wherein the rotation or
spin of the satellite provided the equivalent of the horizontal scan of

a raster, and the orbital motion of the satellite provided the equivalent
of the vertical scan. Actually, the raster pattern is much more complex,
‘since the I-R sensors "look" simultaneously “"up" and "down" at 45° to the
spin axis. The shape of the scan line varies as a function of the chang-
ing attitude of the scanning cone as it intersects with the spherical
earth. This technique restlte in a much broader coverage over the sur-
face of the earth than the TV system, and takes advantage of the fact

that infra-red observation is not restricted to sunlit areas.
|
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The spectrum ranges selected for the scanning I-R subsystem are:

(1) 0.2 to 5.0 microns; to provide a measurement of the earth's albedo

or reflected energy {rom the sun.

(2) 7.0 to 30 microns; to measure the total radiated energy of the earth

and its atmosphere.

(2) 8.0 to 11 microns; to measure, through a “window" in the atmosphere,
the temmerature of @he earth's surface, or the "bottom" of the atmos-

phere.

(4) 5.9 to 7.0 microns; to measure, in effect, the temperature of the
"top“of the atmosphere. This is the wavelength range at which the
water vapor in the atmosphere absorhbs the radiated energy from the

earth.

(5) 0.55 to 0.74 microns (the visible spectrum); to provide a reference
for the preceding four measurements, and for comparison with the TV

pictures.

The second infrared subsystem utilizes two relatively simple non-scanning
sensors with the same response app.oximately, as (1) and (2) above. These
are aimed parallel to the TV cameras, and cover approximately the sanie
area as the coarse resolution camera. These measurements will permit an
estimate to be made of the heat budget of each area observed, and to cor-

relate this with the cloud cover.

The recording and transmitting equipment for the I-R subsystems are con-
tained in a common package which is independent of the TV equipment. The
scanning system is designed for continuous operation and makes use of a
nagnetic tape recorder with an endless loop of tape. Sufficient tape is
provided for a nominal orbit of 100 minutes duration and, upon interroga-
tion by one of the ground stations, the tape speed is increased by ap-
proximatelyr 30:1 for playback. A different transmission frequency is used

D
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by the I-R transmitter, permitting both the I-R and the TV information
to be telemetered simultaneously. While the tape is playing back the
receorded data; the output of the sensors modulates a separate channel of
the transmitter to provide direct data readout in "real time", bypassing
the tape recorder.

It is reasonable to assume that the spin axis of the satellite is not
likely to lie in the plane of the orbit. Anyone of several effects such
as uneven hurning of the third carrier-rocket stage, precession, or even
slight tip-off upon separation from the third stage can shift the axis
by an apnreciable amount. Since both of the sensors (TV and I-R) are
aimed with respect to the spin axis, it was necessary to include a system
for determining the attitude of the svin axis in space. This system em-
ploys a sepafate infra-red sensor which scans the earth as the satellite
rotates and detects, essentially, the horizons. The data is telemetered
continuously through 108 mc beacon transmitters to the ground stations,
from which it is relayed to the computing center where it is processed
with the orbit elements to give the spin-axis attitude. In addition to
the primary stations, attitude-axis data recorders will be installed in
Minitrack stations at Lima, Peru; Santiago, Chile; the Ascension Islands;

and Goldstone, California.

The purpose of the primary cormand and data-acquisition stations is to
transmit instructions to the satellite and to receive observed-information
from the satellite. The prinary ground stations are equipped with a
60-foot diameter, self-tracking parabolic antenna and the electronic equip-

ment for programming, transmitting, receiving and data recording.

A programming console at each primary ground station is designed to permit
a considerable flexibility in control of the satellite functions. Control
may be exercised manually or by automatic sequence, and the satellite may

he prorrarmed for remote operation or direct response. The automatic mode
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requires less time and reduces s “iuctihced of operator error. The

total time thavr the satellite is in .uusn varies from pass to pass (from)

approximately 6 to 14 minutes), ana ihic period must be divided among

o

)

the thiee functlions -~ stored dele :sid-oul, direct data read-ouny, aad
the transmission of instructions for remcte camera operation. lence,
pre-programming permits most efficienh vse Lo be made of the time that
the satellite is within range, thuc retuining the maximum time for direct

camera readout.

It should be noted that ﬁfogrammin; s ¢omplicated by the problem that,
with only two primary stations, thov: zr~ several passes in a 24-hour
day that are not within range of «iircr sitetion. However, the satellite
can be vrogrammed in advance f{as Tay ahsac as 3 passes) for read-cut on
a subsequent pass. In all likelihecd, the meteorologists will require

this more complicated mode of operation:

The receiving and recording ecuipmeni corsists of independent subsystens
for handling the TV and I-R date, 7Tc¢ oreclude the possibility of having
Yholes” or nulls in the received siynal as the satellite rotates, the
satellite was equipped with a circuliar polarized transmitting array. On
the AO-foot receiving antenna botl acrizental and vertical dipoles are
employed, and these feed separate receivers connected to diversity com-
hiners. Two high-quality multi-trzck tape recorders are employed. Tre
basic TV and I-R outputs are reccrded on both machines to provide backup,
and the remaining channels are used for reference data such as sun cngle,
synchronization pulses, indexing, “ine, etc. The handling of the TV
picture is illustrated in Figure 7.

The TV picture signal, in additicn t¢ Teing recorded on tace, is‘displayed
on a video monitor. Since the s rate is the same low raie at which the
picture was recorded in the satellltle. o piziure can be seen only when a
high persistance cathode ray tube is empioyed. However, gocd photographic

copy can ve cbtained from a short vpersistance, high ultra-violet cathode
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ray tube. The picture is built up line by line and is photographed by a

35 mm camera, mounted opposite the CRT screen. The camera is automatically
advanced frame by frame untll playback from the satellite is completed.

'fo provide additional film strips quickly. the sl gnal recorded on the ground
station tape recarder can be played back though the monitor as many timss
as is needed. Each frame is indexed and contains a coded reference of the
position of the satellite with respect to the sun, from which the relation
to North can be determined.

For use in the check=out of the satellite through all of the many prelaunch
operations at Cape Canaveral (see Figure 7A), a compressed (rather than
simplified) version of a command control and data acquisition station was
deviseds This equipment permitted rapid interrogation of the satellite in
all of its modes and reduced the evaluation of performance to GOZNO-GO
type of criteria.

The entire operational phase of the program is directed from the Space
Operations Control Center of NASA, at which location the actual sequence
of operations far each satellite orbit is prepared and specific instruc-
tions transmitted to the primary ground stations at Kaena Point (operated
by Lockheed Missile and Space Division for the Ballistic Missile Division
of the Air Force) and at Fort Monmouth (operated by the U. S. Signal Corps).
These instructions are (primarily) from three sources of information:

the NASA Computing Center, the Weather Bureau Meteorology Satellite Center,
and the primary ground statlions themselves. The computing center, in turm,
bases its calculations on tracking data and attitude axis data received
from the Minitrack Network and also from the primary ground stz:tions. The
satellite tracking complex is illustrated in Figure 8. The meteorology
center analyzes all data, and when a choice exists as to where data may

be acquired b/ the satellite, recommends those areas which are of greater

meteorological significance. This comrol complex is illustrated in
b‘igure e
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At both Kaena Peoint and at Forit Monmouth, teams of meteorologists will be
stationed with representation from the Weather Bureauw, Air Force Cambridge
Research Center, Air Vieather Service, Navy Research Weather Facility, and
the U. S. Army Signal Corps Research and Development Laboratory to con-

duct real time analysis of the da%a. The results of the picture interpre-
tation will be transmitted to the Meteorology Satellite Center for use in
planning subsequent instructions to the satellite and for correlation

with weather data from other sources. In support of this operation,

weather radars and sky cdmeras ill be employed to provide data "looking up"
which may be correlated with that of the satellite "looking down".

In order to extract the maximum amount of information from the pictures,
one untouched set of film exposures from each satellite pass will be for-
warded to the Naval Photo Interoretation Center for precision development

and nhotogrametric processing.

The integration of the satellite payload with a Thor Able rocket vehicle,
presented many nroblems requiring coordinated effort for their solution
and many compromises had to be worked out between the contractors and
government agencies involved, namely: the Air Force Ballistic Kissile
Division, Space Technology Labs, Douglas ~ircraft Corporation, the

RCA Astro-Electronic Products Division and the Signal Corps. A scientific
payload such as TIROS imposes many restrictions on the vehicle system

and the vehicle, of course, imposes riany restrictions on the payload.

TIROS presented a number of problems during the course of its development,
of which the following are some of the more interesting.

In order to have the “"bottom" of the satellite face the earth in the
northern hemisphere under good lighting corditions for the longest period
of time it was desirable to fix the time of launch with a tolerance of

+ 15 minutes. To prevent sunlight from entering the I-R optics during
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the launch trajectory, the payload and vehicle had to be properly oriented
on the stand. A fairing or “shroud" protected the payload and third stage
until it is Jjettisoned after the second state burnout. This was not an
unmixed blessing. Fortunately, it was of mclded fiberglass constructiion,
transparent to radio frequencies,C so that the satellite could be interro-
gated during pre-launch check-out. However, it was only translucent to
sunlight and consequently the solar cells could not keep the storage bat-
teries charged. It was necessary, therefore, to bring power through the
umbilical cord and third rocket stage to an interface contact between the

third stage and the payload.

An opaque fairing also made it necessary to introduce artificial illumi-
nation for sensor checkout. However, the fairing made it possible to
air-condition the payload while it was on the stand, which eliminated
moisture condensation and reduced the effects of thermal shock, partice-
ularly on the ontics.

SUMMATION

It is interesting to note that Project TIROS had its beginning before
Sputnik I; lived through a period of sudden national awareness of the
Space Age; and finally -- although somewhat changed in form -- emerged as
a completed design. During this time, many government management deci=
sions changed both the mission and technological requirements of the
system., Many of these decisions resulted in a charnge of the launching
missile system. This, in turn, was reflected in design changes in the
TIROS satellite and ground system.,

The ability of the overall space system designer to substitute missile
systems and still retain the capability of a working satellite and ground

system is of special interest. Missiles may be considered as "space “trucks"
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for the launching of satellites, and any missile system that conforms to
a given payload weight versus orbital altituce dependency, and a known
accuracy of guidance can be used. Sﬁall changes in these missilg speci-
fications will not a»preciably modify the mission or resulting output
of the total system.

However, changes in specific missile systems during the equipment design
phase of the program can result in non-optimum solutions to design prob-

lems and difficulty in maintaining funding and time schedules.

If one were to look for forces which acted to smooth out the gyrations
and perturbation in the program, two factors would predominate. First
there was a strong recuirement for a system such as TIROS. Second,
continuity was maintained by having at least one organization with suf-
ficient overall technical system responsibility, stay with the program
throughout its history. The authors recognize the broad national effort
involved in the TIROS program, the successful conclusion of which de-
pended on the flexibility, determination, and skill of many people and
many organizations,

17
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JILLUSTRATIONS
Figure Description
1 "Active" Precess:ion Damping Device (on Test Fixture)
2 Model of 20-1b, Janus Satellite

3 ¥ 3/ Optical System for Reconnaissance ‘Satellite

L tleight and Cable Spin-Rate
Reduction Device (on Test Fixture)

Full-size rodel of Juno 85~1b, Satellite
6 The TIRCS I Satellite
6A The TIROS Satellite (Payload) Electronic Components
7 The Ground-Based TV Picture Subsystem
TA Pre~Launch Handling of the TIROS Satellite
8 The TIROS Satellite Tracking Complex

9 The TIR0S Satellite System Lainch and Control Operations
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